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Summary. The purpose ofi this investigation was 
to evaluate the effect of passive smoke inhalation 
on submaximal and^ maximal exercise perfor¬ 
mance. Eight female subjects ran on a motor 
driven treadmiif for 20 min at 70?o fol^ 

lowed by an incremental change in grade until 
maximal work capacity was obtained. Each sub¬ 
ject completed the c.xcrcise trial: with; and' without 
the presence of residual cigarette smoke. Com¬ 
pared to the smokeless trials, the passive inhala¬ 
tion of smoke significantly reduced maximal ox¬ 
ygen uptake by 0.25 1 - min'^ and time to exhaus¬ 
tion by 2.1 min. The presence of sidestream 
smoke also elevated maximal R value (LOl vs 
0.93)^ maximal bioodilactate (6.8 vs 5.5 mM), and 
ratings of perceived exertion'(17.4 vs 16.5 units). 
Passive inhalation' of smoke during submaximal 
exercise significantly elevated the COj output 
(1.68 vs 1.58 li-min'*), R values (0.91 vs 0.86), 
heart rate (178 vs 172 bis - min'*) and rating of 
perceived exenion (13.8 vs 11.8 units); These find¬ 
ings suggest that passive inhalation of sidestream 
smoke adversely affects e.xercisc performance. 

Key words: Residual cigarette smoke — Maximal 
oxyygen uptake — Lactate — Rating of perceived 
exenion — Carboxyhcmoglobini 


Introduction 

Recently, studies have been conducted which 
show that non-smokers who inhale the smoke of 
nearby smokers are exposed to smoke consti¬ 
tuents at' levels as high as smokers who are inhal- 
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ing. Russell (1973): and Olshansky (1982) deter¬ 
mined that during rest, passive inhalation of to¬ 
bacco smoke increased c.xpired carbon dioxide 
and blood carboxyhemoglobin levels in both 
smokers and non-smokers. White (1978) noted 
that the presence of smoke in the air caused in¬ 
creased resting ventilation, oxygen uptake, carbon' 
dioxide production, hean rate and binod pres¬ 
sure. All of these investigations detenained' that 
passive inhalation of cigarette smoke for an c.v- 
tended period of time causes harmful health re¬ 
lated problems in non-smokers (Bonham and: Wil¬ 
son 1981;: Hirayama 1981). With these effects ex¬ 
isting at rest, one must question what physiologi¬ 
cal effects passive inhalation' of cigarette smoke 
would have on an exercising individual. There¬ 
fore, this investigation was designed to evaluate 
the effect of the passive inhalaiion of residual, or 
sidestream, cigarette smoke on submaximal and 
maximal e.xercise. 


.Methods 

Eight modcraiely active, normal women taking pan in an aero- 
bics class were the subjects. They averaged 21.8±2.4 years of 
age, 162.5 ±5.1 cm in height, weighted 58-2'±2.3 kg, and had a 
I-mm"' (44.2 ml-kg"'-min’'). Four were 
smokers (>1 pack/week) and four were non-smokers. After 
obtaining written voliintary. consent, each subject was 
screened by a medical history, resting 12-lead electrocardio¬ 
gram, and a maximal oxygen uptake test *Dic results 

of the test were used to imerpolaie a workload result¬ 
ing in 70% to be used for further testing. 

Each subject compibted to exercise trials using the same 
proiocoL a control, in^ which the subject breathed no cigarette 
smoke and an experimental trial in which the subject breathed: 
air mixed with cigarette smoke. The order of the trials was 
counter-balanced and the subjects received no information 
concerning whether the session was a conirolior experimeniali 
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trial. Room tcmperaiure was 22.5 ±0.9'C for all trials. No 
strenuous physical aciivny was allowed for 24 h prccecding 
either trial, both took place during the pre-ovulatory, phase of 
the suhiecis mensiruallcycles. 

The subjects reponcd to the lab after abstaining from cau 
ing for four hours, and for the smokers, abstaining from smok¬ 
ing for the past twelve hours. Height and weight were mcas- 
uTcd. ECG' leads were attached. The subject then rested 
quietly seated on a chair on the treadmill. Aher 5 min of rest 
the subject began breathing through a mouthpiece and valve. 
During the tenth minute of rest. Heart rate, minute ventilation, 
oxygen uptake andxarbon dioxide output were measuredi The 
subject then rested for an additional 5 mm during which, in 
the expchmcniaJ trial only, smoke was injected into the in¬ 
spired air. AD measurements were repeated. 

Once resting measurements were completed, the subject 
ran for 20 min at appro.ximaiely 70'!"o of their Hcan 

rate was monitored continuously and recorded for the last ten 
seconds of each minute. Oxygen uptake and CO: output 'verc 
measured every rifth minutc. End-tidal CO: and 0: were mea¬ 
sured for six seconds at the end of each five minute segment. 
During the final minute of the run a'rating of percened exer¬ 
tion (RPEii\va> obtained TBorg 1973V. Then without stopping, 
the treadmill grade was increased by 2 ";D.:e\cry 2 mm there¬ 
after until the subject indicated that .she could no longer con¬ 
tinue the exercise. During the last minute of each incremental 
stage and'the llnal mmuic of e.xercise l^o. < ^nd f co. >cre 
measured. PtrCOi and PrrOi w-ere measured for the list six 
seconds of each stage, Hcan' rates were monitored and re¬ 
corded the iasi ten seconds ofeach mini'ie. RPE w'^is obtained 
at the end of exercise. Fi\c minutes post' exercise O' venous 
blood sjirple was obtained from an antecubitai vein for car- 
boxNhemoglobin and lactate analysis,. 


hwrumenii^tiov 

Oxygen uptake (I oj and carbon dioxide output (Kro.) '^cre 
calculated'based on open'circuit spirometry. Minute ventila¬ 
tion was obtained from a dry gas meter: adapted to drive a 
chan recorder. Fractions of expired O: and CO: " cre meas¬ 
ured from a mixing chamber! using oxygen ( Applied Electro^ 
chemistry S-3A} and carbon dioxide (Beckman LB-2) analy¬ 
zers. PnrCO: and PktO: were measured at the Ibvell of the 
mouthpiece using a modified triple JUalve and pre^iouslV 
mentioned gas analyzers adapted to the breathing valve. Vc- 
nous blood was analyzed for lactate using the Strom Techni¬ 
que (Strom 1949): Carboxyhemoglobin levels were obtained 
by co-oximerry (Jnstrumentaiion Laboratory), Statistical inters 
preiation of the data was completed using either a one-way or 
iwo-s\ay analysis of xariance with rcpcaiedimeasurcs, A Tukey 
HSD test was applied apostcriori when necessary to determine 
the exact naiure of the significance. The 0.05 level of signifi^ 
cance was used for all computations. 

During the smoke trials a pump apparatus was employed 
that simultaneously smoked cigarettes, capturedi the smoke 
and pumped the smoke into the inspired air. The cigarettes 
were smoked by the machine at a rate of one per four minutes 
at rest and two per six minutes during exercise. The pump ap¬ 
paratus was positioned out of sight of the subjeas. No smo¬ 
king occurred before the subject had been on the mouthpiece 
and noseclips for at least 5 min. The pump was turned on for 
both trials so that the sound of the motor would be similar for 
both experiments. Also, the subject was given no information 
as to which trial involved the smoke until both trials were 
completed. 
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Resuits 

Ma.ximal oxygem uptake during the controli trials 
was 2.39±0!l5: I'-min’’ or 4lLJr2:S 
ml • kg ’' ■ min “' (Fig: 1): Passive inhalation of 
smoke significantly reduced' the k'o. to 
2.13±0.14 l-min’’ or 30*z:2.6 
ml • kg“' • min’' (/?<0.05). It also reduced the 
durauon of exercise from 25.75 ±0.85 min to 
23.63 ± l.li6 min (P<0:05). The presence of smoke 
increased the maximal R value from 0.93 ±0.03 
during the controls fo L01i±0.04 indicating a 
greater CO 2 outpui at a given k'o- - The rating of 
perceived exertion at the end of the control trials 
averaged 16.5 ±0.6 units and was significantly in¬ 
creased 10 1'714±0j 6 units during the smoke trials 
(Fig. 2). Maximal hean rate responses were simi¬ 
lar for both conditions averaging 194 ±2 
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Fig. 1. Mean (±SEM') and Vco. (I-min*') at rest and 
during exercisewith (hush marks) and without (openj smoke in- 
halation. • significant difference (p<0j05), nO' smoke \s 
smoke 


'c 

3 

U 

Gl 

tr 



EXERCISE EXERCISE 


Fig. 2. Rating of perceived exertion dunng submaximal and 
maximal exercise with (hash marksj.and without (open) smoke 
inhalation (Mean±SEM)J ■ significant difference (p< 0.05) no 
smoke vs smoke 
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Fig. 3. Hfcan rale responses at rest and during exercise with 
(hash marks) and'without (o/>en) smoke inhalationi(Mean± 
SEM). • significant difference ip<0.05}\no smoke vs smoke 


bts-minr^ (Fig. 3). Post exercise venous blood 
lactates averaged 6*8 mM during the smoke trials, 
significantly greater than the controls (5.5 mM). 
As noted! ini Tabie 1, siniilarities between'controls 
and smoke trials existed for maximal minute 
ventilation, PetCO:» andi PExO: . The presence of 
smoke increased the V^/ Vq. ratio at maximal ex¬ 
ercise from a mean of 30.5 to 33^5 1 of air per liter 
of oxygen (?<0.05): 

Submaximali exercise resulted! in an oxygen 
uptake of 1.82 ±0.09 I« min“‘ (31.3 ± 1.6 
ml- kg”^ * min“*) during the control trials which 
represented 73±3%! U- Inhalation of 

smoke did not significantly affect the submaximal 
Ko. (1*85±0.08 1-min’’) but increased the rela¬ 
tive intensity to 16±2% of the smoking, trial 


The inhalation'of smoke significantly ele- 
vated'the COj output by lOO ml-min"'; ?<0.05 
(Fig: I). Consequently, R values were also in¬ 
creased with passive smoking (con¬ 
trols-0.86 ±0.02 vs smoke «= 0.91 ±0.03); Heart 
rates during the submaximal c.xerGise control 
trials, averaged 172±3 bts • min"' and were sig¬ 
nificantly increased to 178 ±4 bts-min by 
breathing the smoke (Fig. 2), RPE was also inV 
creased during the smoke trials from 11.8 ±0.3 to 
13:8 ± 1.0'units (Fig. 2). Ventilation was similar 
for both' trials as was PetCOt and PetO^ (Tabie 
1 ). 

At rest, inhalation of smoke significantly in¬ 
creased the average heart from the normal of 
8i±3 bts-min“‘ to 90±4 bts-min"' (Fig. 3). 
Resting oxygen uptake was 0.23±0.03 1 • min"' 
for the controls and was unaffected by the smoke 
(0:22'±0.02 1 • min “ *). Resting ventilation was not 
altered by the presence of smoke, nor was CO: 
output or R value. The presence of smoke raised 
the carboxyhcmoglobin hemoglobin Itveis of the 
non-smokers from a pre-level of 1.1% to 2.2% at 
the end of exercise. 


Discussion 

The results of this investigation support the con¬ 
tention that involuntary inhalation of residual 
smoke lowers maximal exercise capacity and al¬ 
ters submaximal! exercise response. The reduction 
in maximal performance is directly attributable to 
ihe carbon monoxide from the inhaled' smoke 
binding with the hemoglobin (COHB) and reduc¬ 
ing the oxygen carrying capacity. Rowell (1969): 
and! Lamb (1984) have suggested that a maximal 


Table 1. Respiratory responses during 
(Mean ± SEM) 

resting, submaximal 

and maxima! 

exercise with and 

without the presence 

of smoke 


Rest 


Submaximal 


Maximal 





exercise 


exercise 



No 


No 


No 



Smoke 

Smoke 

Smoke 

Smoke 

Smoke 

Smoke 

Ventilation 

6.97 

6.13 

50.04 

52.51 

72.82 

71.51 

(l-min-‘: BTPS) 

0.64 

0.52 

2.33 

3.39 

5.52 

5.42 

ratio 

30.8 

28:0 

27.5 

28.4 

30.5 

33:5 


1.1 

14 

2.1 

2.2 

1.9 

2.2 

End-tidal GO: 

34.9 

35.4 

33.1 

31.8 

30.9 

33.5 

(mm Hg) 

0.6 

0j7 

li2 

1.5 

0.9 

1.3 

End-tidaJ 0: 

96.8 

97.2 

98.7 

101.5 

104:2 

104.7 

(mm Hg): 

1.9 

1.8 

2.5 

2.4 

3:2 

2.8 
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exenional levels, up to 90% of the oxygen can 7 * 
ing capacity may be needed. If the smoke reduGes 
this capacity, the muscle cannot attain' the high 
rate of aerobic metabolism unless cardiac output 
is further increasedi Since maximal hean rates 
were similar during the control and'smoke trials, 
the cardiovascular system' seemed: to be maxi¬ 
mally taxed. Therefore, any reduction in the ox¬ 
ygen, carrying capacity would reduce maximal 
aerobic performance 

The greater lactate at a lower Vq. during the 
smoke tnals indicates a greater reliance on anae¬ 
robic metabolism. This alteration is attributable to 
the increased COHB levels. As a consequence of 
the anacrobiosis, an increase in' CO> output via 
the bicarbonate buffer system would be expectedl 
Our results support this response as CO 2 produc¬ 
tion' at a given Vq^ was higher during the smoke 
trials. Therefore, the combined effect of the re¬ 
duced o.vygen carrying capacity and the concomi¬ 
tant increase in lactate resulted in a reduction in 
subjective maximal aerobic power and the dura¬ 
tion of exercise during the residual smoke trials. 

Examination of our maximal results suggest 
that the subjects may, not have attained true maxi¬ 
mal capacity dunng the smoke or controf trials. 
Although maximal heart rate responses were 
within normal range for the subject's respective 
ages, other indicators, such as i? values over 1.10 
or lactates over 8:mM (Lamb 1984) suggest that 
did not reach maximum. Since the subjects were 
relatively, untrained and since the protocol in¬ 
volved approximately. 20 min of high intensity ex¬ 
ercise before the incremental work to maximum, 
it is likely that: they fatigued before attaining ma.x- 
imal'capacity. We did note that the Kq. during the 
screening was higher and R values were above 
1.10. Therefore; we believe that the efforts during 
the control and: smoke trials represent the best 
subjective effon they could attain. 

Passive inhalation of cigarette smoke signifi¬ 
cantly altered the submaximal heart rate and R 
values. Heart rates were increased by approxi¬ 
mately 6 bts • min ““in an attempt to improve cel¬ 
lular oxygenation, as a result of the elevated 
COHB. The increased R value during submaxi¬ 
mal exercise smoke trials may indicate a shift to¬ 
ward greater utilization of glucose or glycogen (as 
a result' of the reduced oxygen). The shift may not 
be important: during short periods of exercise, but 
during prolonged exercise the carbohydrate stores 
could become depleted resulting in an earlier on¬ 
set of fatigue (Karlsson 1979). The possibility also 
exists that the elevated R was a passive result of 
CO 2 produced by the cigarettes. 
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Passive inhalation of cigarette smoke resulted 
in a 1% increase in carboxyhemoglobin levels of 
our non-smokers. Personal communicadons with 
the United States Environmental Protection 
Agency have indicated'that the carboxyhemoaio- 
bin levels of the present investigation are repre¬ 
sentative of breathing air from a smoke filled: 
room. Also, Russell (il973) noted that spending 
78 min'in a smoke filled room'resulted in'carbox¬ 
yhemoglobin levels increasing an average of one 
percenti Therefore, we are confident' that our re¬ 
sults are representative of normal passive inhala¬ 
tion of sidestream, or residual smoke and not the 
direct inhalation from a cigaretie. 

The subject’s awareness of the smoke was re¬ 
duced by injecting it into the air line from'a hid¬ 
den machine. The subjects never came off the 
mouthpiece or removed the noseclips, thus pre¬ 
venting smelling the smoke. All of the smokers 
could tell when they were breathing the smoke 
but none of the non-smokers knew for certain. In 
fact, two of the smokers told us the brand name of 
the cigarettes! Therefore, it seems that the smok¬ 
ers were more sensitive to the presence of the 
smoke, in agreement with Maksud and Baron 
(1980)i 

Although the number of subjects in the study 
were relatively small, the results imply that pas¬ 
sive inhalation of cigarette smoke has a signifi¬ 
cant detrimental effect on' exercise performance, 
specifically, by reducing maximal aerobic power 
and endurance capacity and increasing the need 
for anacrobiosis. The results suggest people pani- 
cipaiing in activities that demand high' intensity 
for a prolonged period should avoid smoke fiilfed 
areas. 
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